ABSTRACT
INTRODUCTION
Vascular endothelial growth factor (VEGF) is a molecule implicated in the pathogenesis of several eye diseases. In many studies in recent years, the effect of VEGF has been shown in ocular diseases such as age-related macular degeneration (AMD), retinal vein occlusion (RVO), diabetic retinopathy (DR), retinopathy of prematurity and corneal neovascularization. Lately, anti-VEGF drugs used widely in the treatment of the aforementioned ocular diseases (1) (2) (3) (4) . Many multicenter clinical trials showed the effectiveness of anti VEGF treatments (5-7).
Investigation of factors affecting VEGF will open new horizons in understanding the pathogenesis and treatment of the retinal diseases. In some epidemiological studies, it was reported that prevalence of AMD is greater in females than in males (8, 9) . In this experimental study, we planned to evaluate the effects of surgical menopause and hormone replacement therapy on VEGF levels. Thus, we studied the effects of treatments involving estrogen, estrogen and progesterone in combination (E/P), and genistein, which is a selective estrogen modulator (SEM), on serum VEGF levels and the expression of VEGF in the retinas of rats with surgical menopause.
MATERIAL AND METHODS

Animals and care and nutrition
This study was performed at the Dicle University Health Sciences Practice and Research Center with the approval Dicle University Animal Ethical Committee. In the present study, 50 female Sprague-Dawley rats weighing approximately 250-300 g. were used. The estrous cycle of the rats was determined by vaginal smear 10 days before the ovariectomy (OVX). Rats were kept at room temperature (22 Celsius degrees); a 12 hour day and 12 hour night cycle was maintained.
Experimental procedure
The rats were randomly divided into five groups (10 rats in each group). Rats were anesthetized with 50 mg/ kg ketamine (Ketalar®, Eczacibasi, Istanbul, Turkey) + 5 mg/kg of xylazine (Rompun®, Bayer AG, Leverkusen, Germany). A midline abdominal incision was made at the pelvic level under general anesthesia in all groups and bilateral OVX was performed in all groups except for the sham-operated group.
Groups
Sham group: In this group, the same surgical procedure was performed except for OVX. The rats were given water for 8 weeks by orogastric catheter. No other medication was given.
Control group: Ovariectomy was performed. Orogastric water was given for 8 weeks through the catheter. No other medication was given.
Ovariectomy + estrogen group (OVX + estrogen): Ovariectomy was performed; 0.014 mg/kg/day of 17-β estradiol was administered for 8 weeks with the orogastric catheter.
Ovariectomy + estrogen + progesterone group (OVX + E/P): Ovariectomy was performed; 0.014 mg/kg/day of 17-β estradiol and 0.028 mg/kg/day of drosperinone were given for 8 weeks with an orogastric catheter.
Ovariectomy + genistein group (OVX + genistein): Ovariectomy was performed. Genistein 10 mg/kg/day was administered for 8 weeks with an orogastric catheter.
Orogastric treatments were initiated 1 week after the surgical procedure. At the end of the experiment, all rats were euthanized under ketamine anesthesia. In ovariectomized rats, uterine atrophy was verified as indicative of the successful removal of both ovaries. The right eyeball of each rat was enucleated and fixed with 10% formalin.
Immunohistochemical procedure
After fixation in 10% formalin, enucleated eyes were processed for routine light microscopy. Paraffin blocks were prepared and blocks were sliced at a thickness of 3-4 mm thickness; a standard immunohistochemical technique was performed using a Ventana BenchMark XT immunostainer with a mouse monoclonal antibody to VEGF (SC-53462; Santa Cruz Biotechnology, Santa Cruz, CA) at a dilution of 1:50. All specimens were examined and photographed under light microscopy (Axiophot microscope, Zeiss, Germany) by a pathologist blinded to the study groups. The retinal vascular structure was evaluated for each specimen. Immunohistochemical staining was scored semi-quantitatively by an experienced investigator (GT), who was blind to the samples, as follows: 0, absent; 1, weak; 2, moderate; and 3, intense (10).
Biochemical measurements
Rat blood samples were immediately centrifuged and serum was kept at −80°C until laboratory testing. Serum Table 1 . Serum VEGF levels of the groups. 
Statistical analysis
Statistical analysis was carried out using SPSS 15.0 (Statistical Packages for Social Sciences; SPSS Inc., Chicago, IL, USA). The Kruskal-Wallis test was used for variance analysis and a p value of less than 0.05 was considered statistically significant. The data obtained from the study groups were compared using the non-parametric Mann-Whitney U test with Bonferroni correction; a p value less than 0.005 was considered statistically significant.
RESULTS
For the immunohistochemical staining of VEGF in the retina, the sham and control groups exhibited similar staining patterns. Meanwhile, the OVX + estrogen, OVX + E/P, and OVX + genistein groups exhibited increased VEGF staining in comparison with the control and sham groups. However, the difference was not statistically significant ( Figure 1 ).
Blood VEGF levels are given in Table 1 . We found that blood VEGF levels were significantly higher in the OVX + estrogen and OVX + genistein groups than in the control and sham groups. It was also higher in the OVX + E/P group than in the sham and control groups; however, in this case, the difference was not statistically significant.
DISCUSSION
In the present study, estrogen and genistein therapies were shown to significantly increase VEGF levels in the serum of ovariectomized rats. There were no statistically significant differences in VEGF expression in the retina among the groups.
Many studies showed that VEGF was increased in retinal vascular diseases such as AMD, DR, and RVO (7, 11, 12) . The incidence of AMD in females was reported to be greater than that in men in the same age group in many publications (9, 8, (13) (14) (15) , although some others were reported that there is no gender difference (16) . In addition, some ocular disease has been reported to worsen during pregnancy, including DR (17) . In an experimental study, Heidman et al. showed that estrogen supplementation in ovariectomized rats increased the severity of experimental choroidal neovascularization (CNV) (18) . Tanemur et al. reported that laser-induced CNV is more frequent in female rats than in male rats (19) . These findings suggest that VEGF levels may be affected by estrogen levels. known by its role in vasculogenesis in the endometrium in the menstrual cycle (20) . Estrogen also plays an important role in pathological neovascularization, such as in breast cancer and endometriosis (21) .
The effect of estrogen in physiological vascularization is
Genistein is an SEM which is found in the soybean. In the literature, clinical and experimental studies have reported the effects of genistein in estrogen deficiency (22) (23) (24) .
In this study, genistein also increased serum VEGF levels in ovariectomized rat and acted like estrogen.
The relationship between estrogen and VEGF has been shown in many experimental studies. Araujo et al. demonstrated that estrogen replacement therapy (ERT) in ovariectomized rats increased the expression of VEGF in thyroid tissue (6) . In Suzuma et al.'s study, estrogen increased VEGF and the VEGF receptors in bovine retinal capillary cell culture (4). Dundar et al. examined the expression of VEGF in the retina and choroid when ERT was or was not given to ovariectomized rats; however, they did not see a statistically significant difference between the groups (3). In their study, estrogen was given alone and they did not analyze serum VEGF levels. In our study, there were groups treated with estrogen or genistein alone and another group treated with estrogen combined with progesterone; progesterone addition has been shown to have a protective effect when serum VEGF levels are increased. Similar to the results of Dundar et al.'s study, here in all groups, VEGF expression in the retina was not different from the control group.
In our study, we did not detect a difference between the control and sham groups in terms of VEGF in serum. We suggest that estrogen deficiency did not change the level of VEGF in ovariectomized rats; however, the exogenous estrogen led to an increase in the level of VEGF in the other groups. It may be that the dose of exogenous estrogen and the deficiency of the other ovarian hormones caused this result.
The limitation of this study is that serum VEGF levels were not measured before the ovariectomy. If we had measured it, we could have analyzed the difference; even so we found a difference in the VEGF levels at the end of the experimental procedure among the groups.
In conclusion, the current study demonstrated that ERT leads to an increase in serum VEGF levels and progesterone plays a protective role in this increase. The ERT used in this study had no effect on VEGF expression in the retina. Although we need large population based clinical studies in this topic, these results suggest that in women using ERT clinicians should be aware of VEGF related retinal diseases. 
